Abstract. The 
moderately severe exercise 2 h after breakfast was assessed in 8 insulin-dependent diabetics during conventional insulin injection therapy and after 3 weeks of continuous sc insulin infusion.
Blood glucose fell from 12.1 to 4.4 mmol/l on injection therapy; this was accompanied by a significant rise (P < 0.05) in free insulin to 57 mU/l. On infusion therapy plasma glucose fell and stabilised at 3.6 mmol/l from pre-exercise levels of 7.1 mmol/l, while free insulin level was unchanged at the end of the exercise period (31 mU/l). The fall in blood glucose on injection therapy was accompanied by an exaggerated growth hormone response to exercise that was normalised by 3 weeks of infusion therapy. Basal and post-prandial levels of intermediary metabolites, catecholamines and glucagon were comparable on the two insulin regimens. Responses during exercise were generally similar and no different from those of normal subjects, with the exception of plasma NEFA levels which became abnormally suppressed. Good metabolic control of diabetes is thus accompanied by nearly normal hormonal and metabolic response to moderately severe exercise.
Exercise has been advocated as one of the basic principles in the management of diabetes since the discovery of insulin (Joslin 1979 (Vranic & Berger 1979) . Although some controversy still exists it is generally accepted that exercise induces hypoglycaemia in the presence of high plasma concentrations of insulin, which suppress hepatic production of glucose (Richteret al. 1981 ).
The metabolic and hormonal response to muscular activity may also very with the degree of glycaemic control preceding the exercise (Berger et al. 1977) and with the method of insulin administration (Koivisto & Felig 1978; Kemmer et al. 1979 ).
The introduction of continuous sc insulin infusion (CSII) in the treatment of insulin-dependent dia¬ betes has made it possible to achieve strict blood glucose control in diabetics over long periods (Pickup et al. 1980 (Lloyd et al. 1978) , plasma free-fatty acids (Carruthers & Young 1973) , serum cortisol (Amerlex Cortizol RIA Kit, Amersham) (Rosselin et al. 1966), plasma glucagon (Bloom 1974) , plasma free insulin (Nakagawa et al. 1973) , and catecholamines (Penler & Johnson 1977) . HbA! was measured by a microcolumn method with pre-dialysis (Welch & Boucher 1979 Fasting, pre-and post-exercise plasma glucose and free insulin values are shown in Fig. 1 . Plasma glucose was higher at baseline on CIT and showed a significantly more marked fall with exercise on CIT (8.5 ± 0.9 mmol/1) than on CSII (4.0 ± 0.6 mmol/1; < 0.001). Moreover at the end of the post-exercise period blood glucose concentrations were still falling on CIT, but had plateaued on CSII. Free insulin levels were not significantly higher on CIT (15.5 ± 5.0 mU/1) at baseline than on CSII (12.8 ± 3.1 mU/1), but increased signifi¬ cantly more after insulin administration on CIT than on CSII (P < 0.05). Free insulin levels rose significantly with exercise on CIT (to 57 ± 16 mU/1, < 0.05), but did not increase further on CSII (peak 31 ± 10mU/I).
Blood lactate and pyruvate levels (Fig. 2) , in¬ creased markedly and significantly with exercise, but no significant differences were seen between CIT and CSII responses or between diabetics and normals. The lactate response to exercise appeared to be independent of glucose or insulin levels. Similarly blood alanine levels were no different between the diabetic groups, nor when compared to controls (Fig. 2) .
Blood glycerol levels (Fig. 3) in the treatment groups were similar at baseline, and not signifi¬ cantly different from the controls during or after exercise. Plasma NEFA concentration (Fig. 3) Counter-regulatory hormone levels in insulin-dependent diabetic patients treated by injection therapy (o-o) or CSII (·-·). The morning insulin injection or pre-breakfast bolus was given at 08.00 h and breakfast at 08.30 h. Values are given as mean ± se. The hat¬ ched area represents mean ± SE for a normal control population.
CIT group, but fell to the same level as the controls before the exercise period. At 20 and 40 min after exercise however, plasma NEFA levels were sup¬ pressed (P < 0.05) below those of the CSII or control groups. Plasma NEFA levels in the CSII group were not significantly different from con¬ trols at any time. Blood 3-hydroxybutyrate levels were higher at baseline in the CIT (0.35 X/+ 1.48 mmol/1) than the CSII group (0.11 x/+ 1.31 mmol/1), but immediately preceding exercise were similar and not significantly different from normal (Fig. 3) . Levels remained suppressed in all three groups thereafter.
The hormonal response to exercise is illustrated in Fig. 4 . The rise in growth hormone levels during exercise in the CIT group was significantly greater than normal (P < 0.05), and was significantly reduced ( < 0.02) by CSII. No differences were seen in cortisol, glucagon, adrenaline, and noradrenaline levels at rest and in response to exercise between normals and diabetics or in the diabetics between CIT or CSII.
Discussion
In insulin-treated diabetics with mild hyperglycaemia and normal blood ketone body levels it is well recognised that the early utilization of metabolic substrates by working muscle is similar to that of healthy subjects (Wahren et al. 1978) . In insulin dependent patients treated with conventional insu¬ lin injections however, insulin levels rise as a result of increased sc absorption (Koivisto & Felig 1978) , in contrast to normal subjects in whom insulin secretion is suppressed. The result is an abnormal fall in blood glucose levels, accompanied by sup¬ pression of non-esterified fatty acid and ketone body levels. The present study confirms these abnormalities, which have been reported as being corrected by continuous iv insulin administration in the post-absorptive state (Murray et al. 1977) , and by closed-loop feedback insulin delivery when exercise is taken 45 min after a meal (Nelson et al. 1982 ). In the fasting condition, on basal rate in¬ fusion by CSII, the blood glucose response to exercise was not found to be grossly abnormal (Champion et al. 1980 ).
Continuous sc insulin infusion is now established as a means of achieving not only improvements in blood glucose control in the medium term (Pickup et al. 1980 ), but also relative normalisation of blood intermediary metabolite (Pickup et al. 1979 ), lipid (Tamborlane et al. 1979) , and counter regulatory hormone levels (Raskin et al. 1979 (Hansen 1970) . How¬ ever in our study it could also reflect the much more severe drop in blood glucose levels on injec¬ tion therapy, itself a probable consequence of the increase in insulin levels with resulting suppression of hepatic glucose production (Richter et al. 1981) and enhanced peripheral utilization. The change in insulin levels on CSII was smaller, reflecting the smaller sc insulin depot (Lauritzen et al. 1982) available to boost insulin absorption during exer¬ cise. It will be noted that both groups of patients had higher insulin levels than normal controls throughout the study. The small fall in blood glucose levels on CSII was however insufficient to result in hypoglycaemia. During the initial phase of moderately severe exercise in man, the main sub¬ strate for the production of energy is muscle glycogen (Saltin & Karlsson 1971 
